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Abstract: Intensive and excessive use of pesticides is a real pollution issue in agricultural 
lands. There is little knowledge on how these could change soil microbiota health status which are 
strongly involved in important soil functions. The objective of the present study was to assess under 
laboratory conditions if use of a common pyrethroid pesticide, cypermethrin, will change soil 
microbiota structure and abundance. Cypermethrin exposure dose and removal in time were 
accounted also. Its amount was quantified on GC-ECD while information about microbiota, 
expressed as PLFA, were acquired on GC-FID. Incubation period after artificial contaminations 
between 7 – 288 gkg-1 was set at 45 days, time during samples were picked up from incubation 
containers for chemical analysis. Experiment revealed that during the first ten days of exposure 
experiment, cypermethrin amount in soil decreased almost with half. It was removed with 68.8 – 43.3 
%, depending positively by the exposure dose, thus it increased once that exposure dose decreased. 
The calculated half-life values under our experimental conditions vary between 4.59 - 10.54 days, 
depending by exposure dose. Compared with control soil gram-negative bacteria community was 
enhanced under cypermethrin exposure up to day 45 around 5.4 – 20.3 %, although the control has 
shown a slightly decreases from day 10 and 45 day. Fungal population decreased also between 
exposure time, as well exposure dose. After 10 days of incubation they weren’t be present in samples. 
Similar was obtained after measurement of anaerobe bacteria. Considering our obtained experimental 
data, we could consider that cypermethrin have the potential to change the soil equilibrium once that 
it changes both the structure as well the abundance of soil microbiota.  
 





In current agricultural practices, the requirement to control diseases, weds and other 
pests’ presence in crops cultivar in order to enhance crops yield has led to a significant 
increase in the use of pesticides (Zhang et al., 2014). These chemicals differ in their 
properties and mode of action. Therefore, agricultural crop lands through their subjection at 
successive annual application of different types of pesticides become a specific environment. 
Although use of such chemicals improved the crops yield significantly, and consequently 
increased the economic profit in agriculture, they has caused also relevant pollution issues 
in environmental compartments; water (Derbalah et al., 2019; Climent et al., 2019), soil 
(Silva et al., 2019; Hvezdova et al., 2018), sediment (Lan et al., 2019; Qu et al., 2018) and 
air (Raherison et al., 2019; Desert et al., 2018).  
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When pesticides reach different environmental compartments, they interact with 
both organic and inorganic constituents of media, and take place in different biological and 
chemical transformation ending in several transformation products (Zhang et al., 2014). 
Microbiota is the key element throughout are initiated these transformation processes, they 
being involved in it along the entire transformation processes. Therefore, they mediate the 
dynamics of pesticides in and between environmental compartments, contribute to their 
persistence in media and leaching susceptibility, also (Aislabie and Lloyd-Jones, 1995). 
Although, pesticides are intended for harmful organisms, the presence of these 
chemicals and of their transformation products, can exert non-target effects on others, as 
constituents of soil microbiota (Puglisi et al., 2012; Gupta et al., 2014; Sahoo et al., 2016). 
Inadvertently, pesticides may react in some way with soil microbiota communities. Because 
these chemicals are organic in nature, they could be more or less easily metabolized by 
microbiota resulting in a potential negative impact on their structure, abundance and 
functioning (Katayama et al., 2001; Castro-Gutierrez et al., 2018). At moment there are large 
communications about the negative effects of pesticides on macro-biodiversity (Scholz-
Starke et al., 2011; Pisa et al., 2015; Puurtinen and Martikainen, 1997), but there is little 
knowledge on how these could change soil microbiota health status. This is especially 
important when we account microbiota key roles in several soil functions as nutrients 
cycling, organic matter decay, etc., through that soil’s fertility are enhanced.  
Cypermethrin is a common pyrethroid pesticides with high insecticidal activity. It 
reaches soil environment usually via spray drift during crops treatment, wash-off from 
treated foliage or release from threated crops (Cycon et al., 2012). Repetitive and extended 
use of this pesticides, probably will induce changes in soil microbial community structure 
and abundance as presented by Sahoo et al., (2016), Gupta et al., (2014), Zhang et al., (2015) 
and Puglisi et al., (2012) in case of pretilachlor and, chemical- and bio-pesticides, 
endosulfan, and fungicides, respectively.  
The objective of the present study was to assess under laboratory incubation 
experiments if cypermethrin use and applied dose will change soil microbiota structure and 
abundance. Attention was provided also to cypermethrin removal in time.  
 
MATERIAL AND METHODS 
 
Soil samples sampling: The soil used for incubation was sampled from a vegetable 
field. From this plot, about ten location were selected randomly to collect top soils (0 – 15 
cm depth) of approximately 1 kg, each in part, and pooled together in order to obtain a unique 
composite sample that further was divided though incubation boxes. Soil texture was 
characterized as 49 % sand, 17 % silt and 34 % clay. The pH was 6.6 and the water holding 
capacity 32.6 %, while the organic carbon content was 1.72 %.  
Experimental set-up: Soil composite sample was divided between seven incubation 
containers with 1.2 L capacity. Containers were preincubated for one week at 27 C with 35 
% of their water holding capacity. Exposure dose of cypermethrin were set as follows: (C3) 
recommended dose – 100 gha-1 (0.029 mgkg-1); (C2) half of recommended dose – 50 gha-
1 (0.014 mgkg-1); (C1) quarter of recommended dose – 25 gha-1 (0.007 mgkg-1); (CC4) five 
times the recommended dose – 500 gha-1 (0.144 mgkg-1); (C5) ten times the recommended 
dose 1000 – gha-1 (0.288 mgkg-1). After preincubation period the soil containers were 
contaminated with cypermethrin those to achieve the required exposure amount. 
Contaminated soils were left to incubation in same conditions as preincubation for a totally 
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of 45 days. Approximately 12 g of soil was collected from each container for analysis (10 g 
for cypermethrin and 2 g for PLFA) after 1, 2, 5, 10, 15, 20, 30, 45 days of exposure.   
Cypermethrin analysis: Soil samples for cypermethrin analysis were extracted with 
a mixture of n-hexane:acetone (7:3 v/v) under ultrasound conditions for 1 h at 40 C. 
Filtrated supernatant after that were evaporated at nearly dry under nitrogen stream were 
reloaded in 1 mL of hexane and subjected for gas chromatographic analysis using an GC-
ECD (HP 6890, Agilent) with split/splitless injector. DB-5MS (5 % 
phenyldimethylsiloxane) fused-silica capillary column with 30m, 320 m i.d. x 0.25 m film 
thickness was used for separation of target compound. Helium and nitrogen were used as 
carrier and make up gas at flow rates of 1 and 5 mLmin-1, respectively. Injector and detector 
temperature were set at 250 C and 300 C. The applied temperature programme for oven 
was as follows: 80 C for 5 minutes, followed by an increase with 10 Cmin-1 until 270 C. 
This final temperature was maintained for 10 minutes. For quantitative analysis, individual 
standards of deltamethrin and cypermethrin (Sigma Aldrich) were diluted in toluene to 
obtain 100 gmL-1 stock solution. 
PLFA and NLFA extraction and analysis: Phospholipid derived fatty acids (PLFA) 
were extracted from soil according with method described by Frostegard (1993) and Buyer 
(2012). Extraction were performed on two gram of soil using Bligh-Dyer reagents. The 
organic phase of extract was used to fractionate neutral lipids and phospholipids using a 
silicic acid column. Eluted lipids were subjected to mild alkaline methanolysis after that the 
resulting fatty acid methyl esters were analyses on an Agilent 7890 A gas chromatograph 
equipped with a flame ionisation detection system (FID). Identification and quantification 
of fatty acid methyl esters was done with Sherlock MIDI (Microbial ID, Inc., Newark, DE). 
Briefly iso and anteiso branched fatty acids were use as biomarker for gram negative 
bacteria, monounsaturated fatty acids, and cyclopropyl 17:0 and 19:0 fatty acids were used 
as biomarkers for gram negative bacteria, 10 methyl 16:0 and 10 methyl 18:0 fatty acids 
were used as biomarkers for actinomycetes, fungi were identified with 18:2 6 cis fatty acid 
and arbuscular mycorrhizae using 16:1 5 cis fatty acid. Fatty acids were named according 
to the ω-designation described as follows: fatty acids are expressed as total number of carbon 
atoms with number of double bonds followed by the position of the double bond from the 
methyl end () of the molecule. With “a” and “i” are expressed anteiso and isobranching 
fatty acids respectively, while cy refers to cyclopropane fatty acids. 10Me represent a methyl 
group on the 10th carbon atom from the carboxyl end of the molecule (Buyer et al., 2010).  
Statistical analysis: Obtained data with measurement of PLFA biomarker fatty acids 
and cypermethrin, as well ccorrelation coefficients among traits were statistically analysed 
using Statistica software version v.6. Means of treatments were compared based on Tukey’s 
honest significant difference test (HSD) at the 0.05 probability level.  
  
RESULTS AND DISCUSSIONS 
 
Cypermethrin quantitative fate in soil during incubation experiment: The 
quantitative amounts of cypermethrin in analysed soil samples after exposure experiment for 
different time period and doses are presented in Figure 1. It could be observed that during 
the first ten days of exposure experiment, cypermethrin decreases almost with half. It was 
removed with 68.8 % (C1), 69.3 % (C2), 52.3 % (C4) and 43.3 % (C5), where the removal 
efficiency depends positively by the exposure dose, increasing once that exposure dose 
decreased. The log residue data versus exposure time showed that cypermethrin removal 
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followed a first order dissipation model, Y = a − bX. The calculated half-life values under 
our experimental conditions were 4.59 (C1), 4.85 (C2), 10.54 (C3), 5.45 (C4) and 8.82 (C5).  
 
Soil microbiota community structure: The application of different dose of 
cypermethrin has induced a differentiated presentation of soil microbiota community 
abundance and structure. In Table 1 is presented the median value of soil microbiota 
abundance under different exposure doses after day 1, 5, 10 and 45. After application of 
cypermethrin doses to all experimental soils, this has induced a change in evolution of the 
PLFA profiles, influencing significantly Gram-negative bacteria, actinomycetes and 
anaerobe bacteria. Compared with control soil gram-negative bacteria community was 
enhanced under cypermethrin exposure (p < 0.05) between 5.4 – 16.8 % considering the first 
two day of incubation under exposure at different doses of cypermethrin. Up to day 45, their 
amount compared with that of control increased around 11.7 – 20.3 %, although the control 
has shown a slightly decreases between gram-negative bacteria from day 10 and 45 day. 
Fungal population decreased also during exposure time, as well exposure dose. After 10 days 
of incubation they weren’t be present in samples. Similar was obtained after measurement 
of anaerobe bacteria.  
 
 
Fig. 1. Cypermethrin amount fate during incubation period. With C are present the 
different exposure dose – (C3) recommended dose; (C2) half of recommended dose; 
(C1) quarter of recommended dose; (CC4) five times the recommended dose; (C5) ten 
times the recommended dose  
 
Fungi and bacteria differ in their responses to changes due to external stressors as 
agricultural management practices, like pesticides application. Comparing with bacteria, 
fungi are most of the time more sensitive to such changes. This is the reason why fungal-to-
bacterial ratio is considered a good indicator in evaluation of the potential changes in the 
soil. According with Figure 2, the F:B ratio decreases considerable compared with that of 
control in case of all incubation period. However, this ratio was positively correlated also 
with the exposure dose, usually decreasing once with increasing the cypermethrin amount 








Median value of soil microbiota components abundance (nmolg-1) under exposer at 


















General Fame 38.2 35.8 37.9 34.9 37.1 37.5 
AM Fungi 201.5 204.2 187.2 173.9 162.2 206.2 
Fungi 24.8 23.1 20.5 18.7 16.4 27.5 
Gram -  359.8 361.7 388.9 397.1 400.4 342.7 
Gram + 16.1 14.8 11.7 10.8 10.7 17.7 
Methanotroph 201.2 218.2 208.2 221.4 219.5 218.3 
Anaerobes 10.1 9.5 10.4 11.2 8.7 10.2 
Actinomycetes 4.4 4.2 2.8 3.7 2.6 5.1 
Eukaryotes 42.3 42.2 44.8 41.5 40.7 45.2 
Day 5 
General Fame 36.9 35.8 36.2 31.9 36.4 38.1 
AM Fungi 184.7 180.7 162.9 155.4 138.1 201.9 
Fungi 18.2 15.9 14.2 12.1 10.8 26.7 
Gram -  367.8 372.7 385.1 379.6 389.4 348.9 
Gram + 14.7 13.2 11.8 10.2 8.5 16.8 
Methanotroph 211.5 214.5 231.5 228.6 227.3 220.5 
Anaerobes 12.2 7.5 10.2 9.8 10.5 8.5 
Actinomycetes n.d.* 1.02 n.d.* n.d.* n.d.* 2.7 
Eukaryotes 41.7 42.7 39.8 40.2 37.2 46.0 
Day 10 
General Fame 33.8 34.7 33.9 35.1 34.5 36.4 
AM Fungi 169.2 165.2 142.8 118.2 101.5 207.2 
Fungi 5.1 4.8 3.1 4.2 2.1 27.1 
Gram -  374.8 382.4 391.7 395.9 391.7 340.4 
Gram + 13.7 11.4 8.7 9.2 8.5 15.7 
Methanotroph 211.5 224.3 234.8 244.5 237.6 218.9 
Anaerobes 6.12 5.4 6.1 5.1 4.8 8.7 
Actinomycetes 0.5 n.d.* n.d.* n.d.* n.d.* 1.4 
Eukaryotes 37.2 36.1 35.9 37.1 36.2 44.2 
Day 45 
General Fame 34.8 35.1 37.1 33.9 35.2 35.2 
AM Fungi 168.6 170.2 159.1 155.8 142.9 204.1 
Fungi n.d.** n.d.* n.d.* n.d.* n.d.* 26.7 
Gram -  371.8 385.1 392.1 400.5 389.4 332.8 
Gram + 6.2 5.8 6.1 4.7 4.2 15.9 
Methanotroph 200.9 210.5 208.2 212.4 219.7 223.4 
Anaerobes n.d.*. n.d.* n.d.* n.d.* n.d.* 3.4 
Actinomycetes n.d.* n.d.* n.d.* n.d.* n.d.* n.d.* 
Eukaryotes 35.9 37.1 34.2 37.1 36.1 43.6 
n.d.* - not detected 
 
Correlation among soil microbiota community structure and cypermethrin 
exposure dose: One has been performed the Pearson correlation coefficient among different 
microbial parameters with quantity of cypermethrin exposure. Analysing the obtained 
results, it can be observed that there is a significant positive effect on the population of gram-
negative bacteria 0.787 (p ≤ 0.05) and significant negative effects on actinomycetes and 
anaerobe bacteria communities -0.552 and -0.614 (p ≤ 0.05). 
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As stated earlier, cypermethrin may have some negative influences on soil microbes 
depending on the dose, but its half-life is also influenced by the residence time of 
cypermethrin in soil.  
 




The results obtained on artificial exposure experiments at different cypermethrin 
doses and incubated for 45 days showed that it is degraded in soil but degradation potential 
depends by the exposure dose. The exposure of soil microbiota at cypermethrin caused a 
shift in gram positive bacteria while gram negative bacteria abundance increased. Change in 
bacterial community structure and abundance was significantly correlated with exposure 
dose; therefore, limited effects were observed when the exposure was performed at lower 
amount. Cypermethrin impact on soil microbiota community structure was observed starting 
from the first day of exposure. It induced a decrease in the abundance of fungi and gram-
positive bacteria, while gram negative bacteria abundance was enhanced with almost 20 %. 
Soil microbiota community structure can facilitate to understand the potential non-target 
toxicity of a commonly used insecticide in current agricultural practices. Considering our 
obtained experimental data, we could conclude that cypermethrin has the potential to change 
the soil equilibrium once that it changes both the structure as well the abundance of soil 
microbiota.  
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